When Narahashi and Moore (1964) reported the effect of Tetrodotoxin (TTX) on the excitable membrane, elimination of excitability caused by TTX was believed to be a result of selective inhibition of the sodium-carrying mechanism. After that there have been numerous reports on various kinds of animal tissues in which their excitability can not be blocked by TTX. Hagiwara and Nakajima (1966) reported the experiment showing that excitability of muscle fiber membrane of the frog heart can not be blocked by TTX. Sperelakis and Lehmkuhl (1965) applied TTX to the cultured ventricular cell of the embryonic chicken heart and found that TTX was also ineffective to it in concentrations up to 1.3 x 10 g/ml. The action potential of pacemaker cells in the heart of various animals has been proved not to be blocked even with high concentration of TTX (Sperelakis, et al., 1965; Yamagishi, et al., 1966; Dudel, et al., 1967) . In the present paper, experiments will be described in which the effect of TTX is examined on the ventricular cell membrane of the embryonic chicken heart in the course of its development. It will also be shown that the effect of sodium depletion from the outside medium is according to the stages of its development.
Eggs of white Leghorn were kept in the incubator at 38°C and 60% humidity and turned twice a day. The ventricle of the embryo was taken out and placed in a trough filled with a modified Tyrode solution of the following composition: KC1 3 mM; CaCl2 2 mM; MgC12 1 mM; NaCI 152.5 mM; pH 7.2 adjusted by Tris-HC1 buffer and kept at 37-38°C. Oxygen was constantly supplied to the solution by means of a bubbling device in the chamber. Action potentials were recorded intracellularly by means of a glass microelectrode with a tip diameter of less than 0.5 p and filled with 3 M KCI. The intracellular action potential was electrotonically differentiated with an RC circuit-of 0.5 msec, time constant, and displayed on a C.R.O. simultaneously with the original action potential.
(1) The effect of TTX. TTX was used at the concentration of 10-6 g/ml. The action potential of the ventricular cell membrane from the chicken embryo incubated for 3-5 days was diminished in amplitude and in rate of rise on application of TTX, but all-or-none action potential was observed without exception. After 5 days of incubation some cells did not generate action potentials on application of TTX.
The number of fibers of which excitability was blocked by TTX increased with days of incubation, and after 10 days none of the fibers was capable of producing all-or-none action potential in the TTX-Tyrode solution.
External perfusion with Tyrode solution for about 20-30 minutes restored excitability ( Fig. 1 ). In Table I, the first pair of rows shows the number of animals from which the material was taken and tested in the TTX-Tyrode solution. Fibers after 10 days of incubation did not generate action potentials in the TTX-Tyrode solution.
(2) Effects of substitution of sodium by amines. In many excitable membranes excitability can be maintained in solutions in which sodium ions are replaced by several kinds of univalent cations. It is argued that TTX blocks the sodium channel, therefore, when some kinds of excitable tissues are insensitive to the blocking action of TTX, sodium ions in the outside medium are not indispensable The lower two rows, action potential in choline solution (152.5 mM of choline chloride instead of NaCI of the same concentration).
The days of incubation are indicated.
From left to right; standard action potential in Tyrode solution, application of the tested solution, and action potential after returning
to Tyrode solution from the tested solution.
Upper trace, action potential. Lower trace, derivative of the potential; an upward deflection corresponding to the magnitude of the rate of rise.
(see, for example, Nonomura, et al., 1966) . Thus the experiments have been conducted in which the outside sodium is substituted by several kinds of amines. Table I summarises the numbers of individuals that were tested in solutions in which sodium was substituted by choline or by several other kinds of quaternary ammonium ions in turn on each day of incubation.
As will be seen, sodium is indispensable in the later stages of development, but is less indispensable in the earlier stages.
In the solutions in which sodium was substituted by TEA, choline or by TMA, all of the ventricular cell membranes of the chicken heart generated all-or-none action potentials for the first 4 days of incubation.
In TEA, action potentials could be evoked until the 10th day, but in choline or in TMA the cell membranes did not produce the action potentials already after 6 days.
When TBA or Tris was used instead of sodium ions, the action potential was never observed irrespective of the stage of development.
The lower two rows in Fig. 1 show an example of substitution experiments.
The sodium in Tyrode solution was replaced by choline, and the all-or-none action potential was observed in a preparation after 3 days of incubation, although its magnitude and rate of rise decreased as compared with the standard action potential in Tyrode solution.
On the other hand, a preparation after 10 days of incubation did not generate the action potential in the choline solution.
In both cases restoration of excitability was observed on returning to Tyrode solution.
Action potentials generated on sodium-free media were similar to those in the TTX-Tyrode solution; namely, their rate of rise was remarkably reduced and the amplitude slightly decreased as was the case with the frog heart muscle reported by Hagiwara, et al. (1966) .
An experiment has been done with the heart muscle from the same individual on the 8th day of incubation to examine if the blockage of the action potential by TTX was correlated with indispensability of sodium ions. By this stage, none of the ventricular fibers could produce all-or-none action potentials after replacement of sodium ions with choline or TMA. However, in the TTX-Tyrode solution some of the ventricular fiber preparations could produce all-or-none actif n potentials.
One of such preparations was selected and its ventricle was divided into four parts.
Each part was immersed in different solutions.
The all-or-none action potential was observed in preparations in TEA solution as well as in TTX-Tyrode solution, but was not observed in TMA or choline solution.
Therefore, the change in susceptibility to TTX does not necessarily accompany the changes in excitability of the tissue in sodium-free media in the intermediate stage of incubation, although the cell [Vol. 44, membrane undergoes a gradual change until all of the fibers fail to generate the action potentials either in the TTX-Tyrode solution, or in the solutions of TEA, choline or TMA.
(3) Effect of calcium concentration. Insensitivity to TTX is sometimes interpreted as evidence that the action potential is due to a specific increase in permeability towards calcium ions (The Ca spike; see, Hagiwara and Nakajima, 1966) . The experiments have been made to examine the effect of Ca concentration on the action potential of this material.
The concentration of calcium ion of the external solution has been raised from 2 mM to 20 mM. In both the 3rd and the loth day preparations remarkable increase in rate of rise and shortening in duration of the action potentials were observed (Fig. 2) .
Mn ions are supposed to suppress Ca spike in competition with Ca ions (Hagiwara, et al., 1966) . In this preparation, Mn ions with a concentration of 4 mM or more eliminated the action potential at With MnC12 at the concentrations of 1 mM or 2 mM, action potentials were diminished in rate of rise and in amplitude with the materials taken after 3 days and 10 days of incubation. In the case of 2 mM concentration, the preparation taken on the 10th day lost its action potential sooner than in the other cases.
The changes in the action potentials with the use of Mn ions were quantitatively different, but the patterns were qualitatively the same for the preparations on the 3rd and the 10th days. The results show that the ventricular cell membrane of the embryonic chicken undergoes a gradual change in susceptibility to TTX in earlier stages of its development, with little change in shape and magnitude of action potentials.
The effect of depletion of sodium ions also changes during the course of development.
Sodium ion is preferable but not necessary in earlier stages to generate the action potential.
By the time when TTX blocks the action potential, several kinds of univalent rations cease to substitute sodium ions. Structurally, ventricular cells at earlier stages of development are very similar to the pacemaker cells (Hirakow, 1966) . The electrophysiological and pharmacological properties of pacemaker cells have been reported by several authors (see, Yamagishi, et al., 1966; Dudel, et al., 1967) . The present result shows that the ventricular cells at earlier stages of development are very similar to the pacemaker cells in their electrophysiological and pharmacological properties. The author wishes to express his sincere gratitude to Professor Akira Watanabe for his invaluable advice and encouragement throughout this investigation, to the members of his laboratory and Dr. Makoto Katori of the Department of Pharmacology for their valuable criticisms and important suggestions, and also to Dr. Reiji Hirakow of the Department of Anatomy for his cooperation in the field of morphology.
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